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ABSTRACT 
Background: Significant disparities in breastfeeding support and practice exist in North 
Carolina. The Baby Friendly Hospital Initiative (BFHI) is a worldwide intervention that 
encourages birth facilities to adopt specific practices in support of breastfeeding. 
Objectives: To evaluate the impact of the BFHI on breastfeeding initiation at the facility, 
individual and community levels in North Carolina. 
Methods: The study undertook a secondary analysis of birth certificate data from 2011 
to 2014. The proportion of births initiating breastfeeding each month was examined for 
each Baby Friendly hospital (BFH). Univariate and multivariate logistic regression 
models evaluated the impact of delivery at a BFH on breastfeeding initiation. Model 
residuals were mapped and analyzed for spatial autocorrelation. 
Results: Monthly breastfeeding initiation rates increased in five of eight hospitals 
evaluated. Delivery at a BFH was associated with increased breastfeeding initiation 
(aOR 1.7, 95%Ci 1.59-1.82). Model residuals showed significant clustering at the county 
level. The presence of a BFH in a mother’s community was not a moderator of the 
relationship between delivery at a BFH and breastfeeding initiation. However, the 
presence of a BFH in a mother’s county of residence increased her odds of 
breastfeeding (aOR 1.83, 95%CI 1.23-2.71) even when controlling for delivery at a BFH.  
Conclusions: The BFHI has improved breastfeeding practices in North Carolina.  
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Introduction 
The benefits of breastfeeding (BF) for mother, baby and family are numerous 
including reduction in the incidence of myocardial infarction, breast cancer and diabetes 
for the mother and reduction in pediatric deaths due to Sudden Infant Death Syndrome 
and necrotizing enterocolitis in infants.1 For these reasons, the World Health 
Organization (WHO) recommends exclusive breastfeeding up to 6 months of age, with 
continued breastfeeding alongside appropriate complementary foods up to two years of 
age or beyond.2 Despite these benefits and recommendations, there continue to be 
personal, societal and institutional barriers to achieving optimal breastfeeding.3 
Breastfeeding has been identified as a Healthy People 2020 goal yet faces significant 
health disparities by race and ethnicity, poverty, education and location.4,5 The south of 
the United States and North Carolina in particular exhibit lower breastfeeding trends. In 
2011, only 67.3% of infants in North Carolina were ever breastfed which was well below 
both the national average of 74.6% and below the Healthy People 2020 goal of 81.9%.6  
Literature Review 
Determinants of Breastfeeding 
Breastfeeding initiation prior to hospital discharge represents a critical time in 
breastfeeding support because it is the last opportunity to intervene before people 
definitively decide to not breastfeed. Data from the Breastfeeding Report Card based on 
the Centers for Disease Control and Prevention National Immunization Survey shows 
that the percent of infants ever being breastfed increased from a low of 66.2% in 2008 
to 77.4% in 2014.6 It is likely that infants ever being breastfed is similar to infants 
breastfed prior to hospital discharge because infants who are discharged without 
initiating breastfeeding are not likely to initiate later. However, some prospective studies 
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have observed higher rates of breastfeeding initiation prior to discharge. A recent 
prospective cohort study from Minnesota found initiation of breastfeeding in the hospital 
setting to be 81% and was predicted by employment in professional fields, primiparity, 
education, tobacco use and exposure to breastfeeding in acquaintances.7  
Several maternal characteristics which have been shown to impact breastfeeding 
practices are race and ethnicity, maternal age and educational achievement and obesity 
among others. There are significant racial and ethnic differences in breastfeeding 
initiation. A study of breastfeeding initiation and continuation found that Hispanic 
mothers were most likely to initiate BF (91%) followed by white mothers (initiation 78%) 
and then black mothers, who were the least likely to initiate (61%).8 These large 
differences in initiation by race fully mediated the observed trends in breastfeeding 
initiation. However, the relationship between our construct of race and breastfeeding is 
not clear. Studies have shown that family, friends, personal experiences, and the 
knowledge of breast-feeding benefits have greater impact on practices than race.9  
Breastfeeding initiation has been shown to differ by age. A qualitative study of 
teen mothers in North Carolina found that approximately half initiated breastfeeding.10 
As age increases, breastfeeding initiation also increases although it is unclear whether 
this is related to maternal educational attainment or accumulation of resources and 
stability. Maternal educational attainment has been shown to be a significant predictor 
of breastfeeding practices in developed nations.11 Increasing education likely reflect 
increased access to care and increased understanding of the health benefits of 
breastfeeding. 
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Obesity is an important determinant of breastfeeding as it affects lactogenesis, 
Systematic review of obesity and breastfeeding showed that women with obesity were 
less likely to initiation breastfeeding, as well as more likely to experience delayed 
lactogenesis and inadequate milk supply compared to normal weight counterparts.12 
Obesity is also likely a confounder representing social determinants of breastfeeding 
such as food security. A study of Florida birth certificates found that obesity was 
associated with lower odds of breastfeeding initiation compared to women with a normal 
body mass index (BMI) (0.84, 95 % CI 0.83-0.85).13 
The Special Supplemental Nutrition Program for Women, Infants, and Children 
(WIC) program provides cash-vouchers for predetermined foods for pregnant women 
and their families with children under 5 at nutritional risk. It encompasses more than the 
traditional Medicaid population, including patients who are above the Medicaid income 
cut off as well as patients without citizenship status. As a nutritional intervention, WIC is 
uniquely poised to support breastfeeding in women from disadvantaged socioeconomic 
backgrounds. The population of WIC recipients have been found to have lower 
breastfeeding initiation than non-WIC counterparts (OR 0.67, 95% CI 0.61-0.72).14 A 
study of WIC participants in New York State found that participation in WIC during the 
first and second trimesters predicted lower breastfeeding initiation and earlier 
supplementation.15 WIC is managed at the county level. Previous studies have found 
that WIC services particularly those supporting breastfeeding, differ by the racial 
composition of the county.16 In recent years, WIC has fortified their support of 
breastfeeding by offering larger food packages to breastfeeding mothers, increasing 
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peer support and lactation consultant programs and providing breast pumps to women 
whose insurance may not cover such critical supplies.17  
Insurance status is an important determinant of breastfeeding initiation as it 
indirectly represents socioeconomic status. Patients receiving Medicaid and private 
insurance are both entitled to breastfeeding support mandated by the ACA but the 
actual practice of support is not clearly defined.18 Notably, NC Medicaid does not 
reimburse International Board Certified Lactation Consultants for support of women 
before or after delivery. Data from the National Survey of Family Growth 2011-2013 
found that insurance type associated with breastfeeding practices wherein recipients of 
a Medicaid, CHIP, or a state-sponsored plan had decreased odds of breastfeeding 
(aOR 0.61, 95%CI 0.44-0.85) when compared to those with no coverage. Individuals 
with private or military insurance had no difference in breastfeeding practices (defined 
as breastfeeding one week or more) compared to no coverage.19   
Given that prenatal care offers the opportunity for prospective counseling on the 
importance of breastfeeding and planning for breastfeeding, adequate and above 
adequate care is predicted to increase the odds of breastfeeding. Previous studies have 
shown that prenatal counseling can significantly modify breastfeeding intention (aOR 
1.20, 95 % CI 1.02-1.42), but it is not clear whether counseling is routinely offered.20 A 
study from Canada found that inadequate prenatal care was not associated with 
breastfeeding initiation (OR 1.07 95%CI 0.82-1.41) when controlling for maternal 
demographics, maternal and infant health and delivery settings.21 The United States has 
many different barriers to care than Canada, so it is expected to have a different 
relationship to breastfeeding in this analysis. Adequate prenatal care is expected to 
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increase odds of breastfeeding, although most likely through a mechanism wherein it 
reflects access to care because there is no standardization of counseling or quality 
measures.   
Whether a child is born vaginally or by cesarean delivery has important 
implications for maternal and child health outcomes including breastfeeding initiation. 
Breastfeeding initiation after cesarean delivery may be limited by abdominal pain in the 
mother affecting nursing positioning as well as operative and post-operative 
analgesia.22–24 Breastfeeding may also be impacted by the physiologic changes of a 
cesarean delivery. This is most evident in the different relationship between emergent 
and planned cesarean delivery on breastfeeding initiation. Planned cesarean deliveries 
are more likely to occur prior to the onset of labor and thus confounded by a delay of 
lactogenesis, which depends on the physiologic changes of labor. This delay could 
potentially increase the likelihood of initiating formula feeding which can further reduce 
lactogenesis or dissuade the mother from breastfeeding. Given the potential benefit of 
labor on lactogenesis and subsequently breastfeeding, this analysis controls for the 
induction of labor, which represents women who do not spontaneously initiate labor on 
their own and require pharmacologic interventions to jumpstart and possibly maintain 
contractions. A study from Spain identified receipt of oxytocin, a pharmaceutical used 
for induction of labor, as a predictor of not-breastfeeding (OR 1.45, 95% CI 1.28-1.63).25 
A systematic review found that elective cesarean delivery was associated with a 
significant reduction in breastfeeding initiation (OR 0.83, 95%CI 0.80-0.86) in studies 
around the world including both primiparous and multiparous women.26 The same meta-
analysis found that emergent operative deliveries were not associated with different 
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odds of breastfeeding. Subgroup analysis did not find a different relationship between 
cesarean delivery and breastfeeding initiation by parity or gestational age.  
Another important characteristic of delivery as well as prenatal care is the training 
background of the healthcare provider. Midwifery care is a model that prioritizes and 
actively supports breastfeeding practices.27 Therefore birth attendance by a midwife 
more likely to be associated with increased breastfeeding initiation. Furthermore, 
despite an official statement in support of breastfeeding by the American Congress of 
Obstetrician-Gynecologists (ACOG), there is highly variable knowledge about 
breastfeeding among obstetricians.28,29 
Baby Friendly Hospital Initiative 
The environment where a woman gives birth is a determinant of breastfeeding. 
Hospitals have historically employed practices that undermine successful breastfeeding 
such as rooming newborns in separate rooms from their mothers and supplementing 
with formula. To encourage changing practices, in 1991 WHO proposed a standard for 
birthing facilities practices supporting breastfeeding called the Baby Friendly Hospital 
Initiative (BFHI).30 To become certified as a Baby Friendly facility, a birth facility must 
meet the “Ten Steps to Successful Breastfeeding.”31  These steps include having 
policies and taking measurable action to support breastfeeding through actions such as 
patient education, early skin-to-skin contact between mother and baby and not providing 
formula unless medically necessary. The official last step, often called “Step 10,” asks 
facilities to foster breastfeeding support in the community. While the WHO suggests this 
is achieved through providing mothers with lactation consult referral information after 
discharge and fostering mother support groups, this step is the least easily measurable 
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of the Ten Steps certification criteria and has been critiqued by experts as nebulous and 
not evidence based.32 However, it is possible that the presence of a Baby Friendly 
certified facility changes the landscape of breastfeeding support in a community in 
important ways that are not directly quantified, such as through attracting lactation 
professionals to the area and changing breastfeeding norms among health care 
professionals. 
A systematic review of studies from around the world found a dose-response 
relationship between the number of steps of the BFHI and the likelihood of 
breastfeeding initiation suggesting that hospitals who achieve all 10 steps and become 
certified as Baby Friendly facilities are likely to have the greatest impact on 
breastfeeding.33 Another review limited to studies in the US found that the BFHI 
increase breastfeeding initiation.34 In that review, Munn et al. identified a lack of 
evidence representing women in rural areas and in particular among women in the 
southeastern regions of the United States.  
The first hospital in North Carolina to obtain Baby Friendly status was Mission 
Hospital in Asheville in 2010, more than two decades after the WHO published the 10 
Steps in 1992. Since Mission, seven additional hospitals and one free standing birth 
center have also been certified. The effect of these certifications on breastfeeding 
practices in the southeast United States is not well characterized.34 Although North 
Carolina began tracking breastfeeding initiation at hospital discharge on the birth 
certificate in 2011, no studies to date evaluate the breastfeeding initiation trends from 
this data.  
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Methods 
This analysis seeks to answer the three following questions: 
1. Has becoming Baby Friendly certified changed breastfeeding initiation 
practices in North Carolina hospitals? 
2. How does delivery at a Baby Friendly hospital impact a mother’s likelihood 
to breastfeed?  
3. Does having a Baby Friendly hospital in a mother’s community/county 
change her likelihood of breastfeeding?  
Conceptual Model 
The relationship proposed in this study (Figure 1) is informed by the Social 
Ecological Model.35 The Social Ecological Model is commonly used in the analysis of 
breastfeeding practices as complex cultural and socioeconomic environments contribute 
to a woman’s decision and ability to breastfeed. Previous analyses have considered 
knowledge about breastfeeding, employment status, access to private spaces outside 
the home and WIC food packages as examples of individual, interpersonal, community 
and policy level factors affecting breastfeeding.36,37 The independent variable in this 
model is delivery at a Baby Friendly facility, which represents an organizational variable. 
Individual variables included in the model are maternal characteristics such as obesity, 
age, education, race/ethnicity and insurance status. The inclusion of prenatal care 
adequacy captures aspects of individual and interpersonal factors (provider-patient 
relationship) as well as some community factors (access to care). The utilization of WIC 
food assistance captures both organizational-level and policy factors. The delivery 
characteristics such as induction of labor and cesarean delivery address both individual 
level health as well as organizational level practice differences. Delivery with a midwife 
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represents individual characteristics as midwifery care is less common in the United 
States and is often actively sought by mothers as well as community factors as 
midwifery services are not available in every community.38 The aforementioned 
variables are all proposed confounders of the relationship between delivery at a Baby 
Friendly facility and breastfeeding initiation. 
This analysis sought to understand how a Baby Friendly facility might impact a 
community and therefore a woman’s breastfeeding initiation. It was hypothesized that 
the presence of a Baby Friendly facility in a mother’s community would positively 
moderate the effect between the delivering at a Baby Friendly facility and breastfeeding 
such that mothers who both delivered at a Baby Friendly facility and resided in a 
community with a Baby Friendly facility would have the greatest odds of breastfeeding 
when compared to women with only one or none of those characteristics. There are 
several potential mechanisms through which a Baby Friendly hospital could impact the 
breastfeeding landscape and practices in its community. A Baby Friendly hospital could 
increase employment of lactation consultants, which attracts their expertise to the 
communities in which they reside. Baby Friendly hospitals may be more likely to support 
breastfeeding among their own employees, which may increase desirability of working 
at that facility and in turn put economic pressures on other employers in the area to 
provide breastfeeding support of employees. More breastfeeding among hospital 
employees could also normalize breastfeeding in their respective communities as well. 
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Figure 1: Proposed Model of the Effect of Delivery at Baby Friendly Hospital 
with Breastfeeding Initiation. (+) depicts a proposed positive association between 
the delineated variables. The model hypothesizes that there is a positive relationship 
between delivery at hospital that has been certified as Baby Friendly and 
breastfeeding initiation. The model controls for three types of confounders: maternal 
characteristics, access to breastfeeding support services and delivery characteristics. 
Maternal characteristics includes race/ethnicity, body mass index, maternal age and 
maternal education. Access to breastfeeding support services includes utilization of 
the food assistance program Women, Infants and Children (WIC), principal source of 
payment and quality of prenatal care. Delivery characteristics include induction of 
labor, delivery by cesarean section and attendance by a midwife. Presence of a Baby 
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Friendly facility in a mother’s community of residence is proposed as a positive 
moderator of the effect between delivering at a Baby Friendly certified facility and 
initiating breastfeeding. 
 
Data 
Data were collected by the North Carolina State Center for Health Statistics in 
2011, 2012, 2013 and 2014. A total of 491,150 pregnancies occurring during this 
timeframe were presented in the original dataset. Births occurring to NC residents 
outside of the state, births occurring within NC to non-state residents, births occurring in 
non-hospital settings, multiparous births, multifetal births, preterm births, births with 
congenital abnormalities and births associated with infant admission to the neonatal 
intensive care unit were excluded resulting in a final cohort of term nulliparous 
pregnancies in NC state residents who delivered in NC hospitals. Term was defined as 
deliveries at or after 37 weeks gestation, which was consistent with the American 
College of Obstetrician and Gynecologists terminology. The effect of these exclusion 
criteria resulted in an analytical sample of 137,738 singleton term births occurring to 
primiparous mothers at a hospital within NC to residents of NC who did not have a 
congenital anomaly or require a NICU admission (Figure 2). The Institutional Review 
Board determined this analysis to be exempt from additional oversight (Study #: 16-
2884) as the data were de-identified and publically available. 
Maternal cities and counties of residence were classified by FIPS place codes in 
the original data set. Places and counties boundaries were obtained from NCOneMap 
(http://www.nconemap.com/) which is hosted by the North Carolina Department of 
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Information Technology. A key to de-identify individual hospitals was obtained by the 
state (Received by Sid Evans, 10 March 2016). Hospital Baby-Friendly status was 
determined using the USA Baby Friendly Hospital website which publishes the month 
and year of certification. Rural county designation was determined from the Rural 
Center, a private, nonprofit organization that advocates for rural counties in North 
Carolina. The Rural Center determines a county’s rural designation based a population 
density of no more than 250 people per square mile. The designation used for this 
analysis was based on the 2014 U.S. census population estimates. The Rural Center 
also classifies NC counties as regional city or suburban counties if their average 
population density is between 250 and 750 people per square mile. Urban designation 
is applied to counties with an average population density greater than 750 people per 
square mile.   
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Figure 2: Final Analytical Cohort. Data from 2011, 2012, 2013 and 2014 was 
pooled and contributed to the final analytical sample.  
 
All births were categorized as having occurred at a Baby-Friendly facility or not 
[referent]. The Baby Friendly certification status was assessed using the publically 
available data from Baby Friendly USA (https://www.babyfriendlyusa.org/find-
facilities/designated-facilities--by-state) which provides the hospital name and the month 
and year of certification. All births occurring during or after the month of certification 
were classified as occurring at a Baby Friendly facility. Baby Friendly certification must 
All births with NC birth 
certificate between 
2011 and 2014
n=491,150
NC Residents who gave 
birth in NC
n=470,324
Geospatial Exclusion Criteria 
NC Residents who gave birth 
out of state
n=5,559
Non-state residents who gave 
birth in NC
n=11,049
Women who gave birth in a non 
hospital setting
n=4,218
Clinical Exclusion Criteria
Multiparous
n=311,125
Multifetal gestation or unknown 
plurality
n=3,685
Babies born before 37 weeks
n=12,436
NICU admission
n=5,161
Births affected by congenital 
anomaly
n=179
Primiparous women giving 
birth to term singletons 
without congenital anomalies 
or requiring a NICU 
admission
n=137,738
17 
 
be renewed every three years. In the context of this analysis, only initial certification was 
considered. Of note, one facility was recertified during the study period and no facilities 
lost certification during the study period. One facility was certified prior to 2011 and four 
facilities were certified between January 2011 and December 2014. Three additional 
facilities were certified in 2015, however birth certificate data for that year is not 
currently available. Data from these three facilities was used for descriptive purposes 
and all births at these facilities were not considering to have occurred at a Baby Friendly 
facility because certification occurred after the study period.  
Several variables were recoded for analysis. Pre-gestational BMI was 
dichotomized into obese and non-obese [referent], based on birth certificate which 
categories obesity by WHO BMI categories: obese, overweight, normal weight, 
underweight.  The NC birth certificate data utilizes the Adequacy of Prenatal Care 
Utilization Index, commonly called the Kotelchuck Index after its developer, which 
categorizes prenatal care based on the month of care initiation and the number of visits 
relative to the expected number of standard of care visits at that gestational age.39 It is 
based on the standard visits expected in an uncomplicated pregnancy by the American 
College of Obstetrics and Gynecology standards. The Kotelchuck Index is widely used 
measurement of prenatal care utilization. The Kotelchuck Index was considered as a 
categorical variable for the inadequate prenatal care, intermediate prenatal care, 
adequate prenatal care [referent] and adequate plus care. Route of delivery was 
dichotomized into patients who had a cesarean delivery and those who did not, which 
included vaginal, forceps and vacuum deliveries. Maternal age was included as a 
continuous variable. Maternal educational attainment was categorical representing no 
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high school completed [referent], high school complete or GED and school beyond high 
school including some college, a bachelor’s degree or advanced degrees. Payment 
data was categorical representing private insurance [referent], Medicaid recipient, self-
pay or other. Race and ethnicity were self-reported questions in the original data 
representing non-Hispanic white [referent], non-Hispanic Black, American 
Indian/Alaskan Native, other and Hispanic. Multiple race participants were reassigned 
with the following priority: Hispanic, Black, American Indian/Alaska Native and Other. 
Birth attendant was dichotomized as attendance by a midwife or other attendance 
[referent] including providers with MD and DO degrees as well as other providers 
including emergency medical services. Of note, the birth certificate differentiates 
between certified midwives and “other” midwives and both were considered together for 
this analysis. Induction of labor, breastfeeding initiation and receipt of WIC were 
preserved as dichotomous variables from the original dataset.  
Analysis 
The effect of delivery at a Baby Friendly facility on breastfeeding initiation was 
analyzed using descriptive statistics, and univariate and multivariate logistic regression. 
The base model analyzed all births to describe the effect of delivery at a Baby Friendly 
hospital on breastfeeding initiation included the following variables as cofounders: 
maternal race/ethnicity, obesity, age, education, utilization of WIC, method of payment, 
quality of prenatal care, induction of labor, cesarean delivery and midwifery attendance 
of birth.  
In addition to the base model, secondary models were generated with a 
moderator variable representing the presence of a Baby Friendly hospital in a mother’s 
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community. Community was defined at either the city or the county level. The decision 
to evaluate community in these two ways was made because preliminary analysis 
suggested that a significant portion of the births had only maternal county of residence 
and not maternal city of residence. It is not likely that the births for whom only county of 
residence is reported represent missing data because not all geographic locations have 
a standardized city code used by the Census bureau. Therefore, in addition to the base 
model, two additional models looked at the following subgroups: births for whom 
maternal city of residence was known and births for whom only county of maternal 
residence was known. The first variable, used in Model A, represents the presence of a 
Baby Friendly facility in the mother’s city of residence. The second variable, used in 
Model B, represents the presence of a Baby Friendly facility in the mother’s county of 
residence. Interaction terms were generated to capture the moderating effect of residing 
in a city or a county with a Baby Friendly facility for each subgroup. Logistic regression 
models for each subgroup used their respective moderators (county or city).  
Crude analyses were run for all of the exposures and proposed cofounders. All 
proposed confounders were included in the final adjusted multivariate model. All 
analyses were conducted with Stata version 14.0 (StataCorp. 2014, Stata Statistical 
Software: Release 14, College Station, TX: StataCorp LP). Residuals from model 
predictions were aggregated at the county level by maternal county of residence.  Mean 
residuals from the base model for all births were mapped in ArcGIS at the county level 
(ESRI 2011. ArcGIS Desktop: Release 10. Redlands, CA: Environmental Systems 
Research Institute) using county boundaries published by NCOneMap. County-level 
residuals were analyzed for spatial autocorrelation in ArcGIS. The percent of births for 
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whom maternal residence was defined by county only was also mapped at the county 
level. This map was overlaid with the rural designations from the Rural Center (Figure 
2). 
Monthly proportions of all births initiating breastfeeding was calculated for each 
Baby Friendly facility in North Carolina: one certified prior to the study period, four 
certified during the study period and three certified in the year following the study 
period. These percentages were plotted over time relative to Baby Friendly certification 
and analyzed for linearity using Prism (GraphPad Prism version 7.00, GraphPad 
Software, La Jolla California USA, www.graphpad.com). 
Results  
Breastfeeding trends overtime at Baby Friendly hospitals in North Carolina 
 
The proportion of births initiating breastfeeding was plotted over time at the facility level 
in Figure 3. Hospitals A and E exhibited consistently high proportion of breastfeeding 
initiation which did not change significantly over the study period. Hospitals B, C and D 
exhibited statistically significant linear trends in the proportion of births initiating 
breastfeeding over the study period. Hospitals C and D were certified late in 2014 so the 
impact of certification is only tracked for a few months. However, it is likely that the 
increases prior to certification reflect facility efforts to implement Baby Friendly practices 
and policies in anticipation of the site visit required for certification. For Hospital C, 
which exhibited statistically significant increases in breastfeeding initiation, the most 
recent data suggests breastfeeding initiation below the Baby Friendly target of 70%. 
Hospital B exhibited a statistically significant increase in breastfeeding initiation in the 
months after certification.  Of the three facilities who achieved Baby Friendly certification 
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in the year after the study period, Hospital F and Hospital G exhibited statistically 
significant increases in the study period. Hospital H did not show a linear increase and 
exhibited significant variability in the monthly proportion of births initiating breastfeeding. 
There appears to be decreased variability over time for the three facilities who achieved 
Baby Friendly certification in the year following the study period. 
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Figure 3: Percent of primiparous mothers initiating breastfeeding prior to 
hospital discharge between 2011 and 2014 at Baby Friendly facilities. The top 
panel shows the proportion of all births for which breastfeeding was initiated relative 
to Baby Friendly Certification for the five facilities that were certified during the study 
period. The bottom panel shows the proportion of breastfeeding-initiating births for 
three facilities who achieved Baby Friendly certification in the 12 months after the 
study period. Monthly proportions of breastfeeding initiation were tabulated for all 
years that breastfeeding has been recorded on the NC birth certificate (2011 
onwards). Linear regression showed statistically significant positive trends in three of 
the sites with increases in breastfeeding initiation occurring prior to certification in two 
sites and following certification in one site.  
*p<0.1, **p<0.05, ***p<0.01, ns=non-significant  
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The impact of delivering at a Baby Friendly hospital on breastfeeding 
The differences between characteristics of births that occurred at Baby Friendly 
certified facilities and non-certified facilities are outlined in Table 1. Significant 
differences included an increased breastfeeding initiation in births at Baby Friendly 
facilities (89.0%) than at non-certified facilities (81.1%, p<0.01). Mothers who delivered 
at Baby Friendly facilities were slightly less commonly obese than those who delivered 
at non-Baby Friendly facilities (18.3% and 19.9% respectively, p<0.01). Compared with 
birth at non-Baby Friendly facilities, births at Baby Friendly facilities were more common 
among non-Hispanic white mothers (70.9% versus 60.4%, p<0.01) and less common 
among non-Hispanic black mothers, American Indian and Alaska Native mothers and 
other races. More mothers with Bachelors or graduate degrees gave births at BF-
certified facilities. Mothers giving birth at BF-certified facilities reported having 
significantly more private insurance coverage than those giving birth at non-Baby 
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Friendly facilities (52.9% versus 48.9%, p<0.01). There were no differences in the 
frequency of induction of labor or midwife attendance at Baby Friendly certified facilities 
and non-certified facilities. 
  
25 
 
Table 1: Sociodemographic, Prenatal Services and Delivery Characteristics of Women 
who Delivered in North Carolina in 2013, Stratified by Delivery Site Baby Friendly 
Certification (n=35,526) 
        
  All Eligible 
Births 
 Birth at non-
Baby Friendly 
Certified 
Facility Birth 
 Birth at Baby 
Friendly 
Certified 
Facility 
p-
val
ue 
  n=137,750 
  
n=127,407 
(92.5%)  
n=10,343 
(7.5%) 
  n %  n %  n % 
           
Breastfeeding Initiation           
Yes  112,52
2 
81.7  103,31
9 
81.1  9,203 89.0 *** 
No  25,225 18.3  24,084 18.9  1,140 11.0  
missing  3 0.0  3 0.0  0 0.0  
           
Maternal Residence           
By city  87,181 63.3  81,755 64.2  5,426 52.5 *** 
By county only  50,569 36.7  45,652 35.8  4,917 47.5  
           
Maternal Obesity†           
Obese  27,215 19.8  25,324 19.9  1,891 18.3 *** 
Non-obese  109,88
4 
79.8  101,57
7 
79.7  8,307 80.3  
missing  651 0.5  506 0.4  145 1.4  
           
Maternal education           
Less than High School  20,126 14.6  18,954 14.9  1,182 11.4 *** 
High School 
Graduate/GED 
 30,823 22.4  28,666 22.5  2,157 20.9  
Some College   42,621 30.9  39,753 31.2  2,868 27.7  
Bachelors degree   28,806 20.9  26,361 20.7  2,445 23.6  
Masters or PhD  15,226 11.1  13,536 10.6  1,690 16.3  
Missing  138 0.1  137 0.1  1 0.00  
           
Race & Hispanic 
Ethnicity‡ 
          
White, non-Hispanic  84,224 61.1  76,891 60.4  7,333 70.9 *** 
Black, non-Hispanic  29,723 21.6  28,121 22.1  1,602 15.5  
Amer Indian/Alaska 
Native 
 1,775 1.3  1,721 1.4  54 0.5  
Other, non-Hispanic  6,253 4.54  5,929 4.7  324 3.13  
Hispanic  15,775 11.5  14,745 11.6  1,030 10.0  
           
Principal Source of           
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Payment 
Medicaid  58,392 42.4  54,073 42.4  4,319 41.8 *** 
Private Insurance  66,599 48.4  61,123 48.0  5,476 52.9  
Self Pay  6,276 4.6  5,844 4.6  432 4.2  
Other  6,480 4.7  6,364 5.0  116 1.1  
Missing  3 0.0  3 0.0  0 0.0  
           
WIC Utilization           
Yes  66,023 47.9  61,370 48.2  4,653 45.0 *** 
No  71,501 51.9  65,819 51.7  5,682 54.9  
Missing  226 0.2  218 0.2  8 0.1  
           
Kotelchuck Index            
Inadequate  20,205 14.7  19,279 15.1  926 9.0 *** 
Intermediate  11,488 8.3  10,955 8.6  533 5.2  
Adequate  49,634 36.0  44,341 34.8  5,293 51.2  
Adequate Plus  54,812 39.8  51,650 40.5  3,162 30.6  
missing  1,611 1.2  1,182 0.9  429 4.2  
           
Induction of Labor           
Yes  42,175 30.6  39,075 30.7  3,100 30.0 ns 
No  95,569 69.4  88,326 69.3  7,243 70.0  
missing  6 0.0  6 0.0  0 0.0  
           
Route of Delivery           
Vaginal¥  102,28
7 
74.3  94,469 74.2  7,818 75.6 ** 
Cesarean  35,462 25.7  32,937 25.9  2,525 24.4  
missing  1 0.0  1 0.0  0 0.0  
           
Birth Attended by 
Midwife 
          
Yes  19,017 13.8  17,517 13.8  1,500 14.5 ns 
No  118,53
4 
86.1  109,70
7 
86.1  8,827 85.3  
missing  199 0.1  183 0.1  16 0.2  
           
  Mean SD  Mean SD  Mean SD  
Maternal Age, years  24.9 5.6  24.9 5.6  26.0 5.8 *** 
           
           
*All data were derived from North Carolina Live Birth Certificate data for 2013. The 
study population included nulliparous women who were residents of NC and who 
delivered term infants (between 37 and 41 weeks) without congenital anomalies or 
needing a NICU admission whose delivery occurred at a hospital in NC. Missing data is 
delineated. If no missing data is listed, then all the data was available for that variable. 
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† Non-obese represents patients with a body mass index (BMI) less than 30 based on 
their prepregnancy weight. Obese represents patients with a BMI greater than or equal 
to 30. This classification is consistent with the World Health Organization classification 
of BMI.  
‡ Based on the mother's self-reported race and Hispanic origin.   
¥ Vaginal delivery include operative deliveries utilize forceps or vacuum extraction. 
n refers to number. 
*p<0.1, **p<0.05, ***p<0.01, ns=non-significant  
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Using univariate analysis it was found that delivery at a Baby Friendly facility was 
associated with a 1.88 increased odds of initiating breastfeeding compared to delivering 
at a non-certified facility (95%CI 1.7-2.0, Table 2). All cofounders were associated with 
significant effects on breastfeeding initiation in univariate analyses with the exception of 
cesarean delivery which was non-significant (p=0.02). However, given the literature 
supporting the effect of cesarean delivery on breastfeeding, it was decided to include 
this variable in multivariate modeling.  
All proposed confounders were included in multivariate analysis. Delivery at a 
Baby Friendly facility remained a significant positive predictor of breastfeeding initiation 
in multivariate models (OR1.70, 95% CI 1.59-1.82). Maternal obesity was associated 
with decreased odds of breastfeeding compared to non-obese mothers (OR 0.86, 95% 
CI 0.83-0.89). Increasing maternal education was associated with increased odds of 
breastfeeding with mothers who had obtained a bachelors degree or higher education 
exhibiting 3.32 times the odds of initiating breastfeeding than mothers who graduated 
high school or obtained a GED. Non-Hispanic black mothers and American 
Indian/Alaska Native mothers had decreased odds of breastfeeding initiation compared 
to non-Hispanic white mothers (OR 0.57 and 0.44 respectively). Mothers identifying as 
Hispanic had significantly increased odds of initiating breastfeeding compared to non-
Hispanic white mothers (OR 2.64, 95% CI 2.49-2.80). Maternal receipt of Medicaid was 
associated with decreased odds of breastfeeding compared to mothers with private 
insurance (OR 0.62, 95% CI 0.59-0.66). In multivariate modeling, maternal age, 
induction of labor and birth attendance by a midwife were no longer significant 
predictors of breastfeeding initiation. 
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Table 2. Crude and Adjusted Odds Ratios for Breastfeeding Initiation among North 
Carolina residents who gave birth between January 2011 and December 2014* 
  Unadjusted  Multivariate Model 
         
  OR (95% CI) p-
value 
 OR (95% CI) p-
value 
         Delivery at Baby Friendly 
Hospital† 
        
No  1.00 ------   1.00 ------  
Yes   1.88 (1.77, 
2.00) 
***  1.70 (1.59, 
1.82) 
*** 
         
Maternal Age         
Ages 36 and above  1.14 (1.14, 
1.14) 
***  1.02 (0.83, 
1.03) 
 
         
Pre-gestational obesity†         
No  1.00 ------   1.00 ------  
Yes   0.70 (0.68, 
0.72) 
***  0.86 (0.82, 
0.89) 
*** 
         
Maternal education         
Less than High School  0.31 (0.30, 
0.32) 
***  0.69 (0.66, 
0.72) 
*** 
High School Graduate/GED  0.47 (0.46, 
0.49) 
***  1.00 ------  
Some College or More  1.25 (1.21, 
1.29) 
***  1.71 (1.64, 
1.77) 
*** 
Bachelors degree or beyond  5.68 (5.44, 
5.94) 
***  3.32 (3.13, 
3.53) 
*** 
         
Race & Hispanic Ethnicity‡         
White, non-Hispanic  1.95 (1.89, 
2.00) 
***  1.00 ------  
Black, non-Hispanic  0.32 (0.31, 
0.33) 
***  0.57 (0.55, 
0.59) 
*** 
Amer Indian/Alaska Native  0.31 (0.28, 
0.34) 
***  0.44 (0.39, 
0.48) 
*** 
Other, non-Hispanic  2.50 (2.28, 
2.73) 
***  1.46 (1.32, 
1,61) 
*** 
Hispanic  1.81 (1.72, 
1.91) 
***  2.64 (2.49, 
2.80) 
*** 
         
Principal Source of Payment         
Private Insurance  3.98 (3.86, 
4.11) 
***  1.00 ------  
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Medicaid  0.23 (0.23, 
0.24) 
***  0.62 (0.59, 
0.66) 
*** 
Self Pay  1.23 (1.17, 
1.35) 
***  0.83 (0.76, 
0.91) 
 
Other  2.07 (1.91, 
2.25) 
***  1.31 (1.20, 
1.43) 
*** 
         
WIC Utilization         
No  1.00 ------   1.00 ------  
Yes  0.25 (0.24, 
0.26) 
***  0.73 (0.70, 
0.77) 
*** 
         
Adequate or Adequate Plus 
Prenatal Care§ 
        
No  1.00 ------   1.00 ------  
Yes  1.51 (1.46, 
1.55) 
***  1.13 (1.10, 
1.17) 
*** 
         
Induction of Labor         
No  1.00 ------   1.00 ------  
Yes  0.86 (0.83, 
0.88) 
***  0.97 (0.94, 
1.00) 
ns 
         
Cesarean Delivery         
No  1.00 ------   1.00 ------  
Yes  0.96 (0.93, 
0.99) 
ns  0.87 (0.84, 
0.90) 
*** 
         
Birth attended by midwife         
No  1.00 ------   1.00 ------  
Yes  1.12 (1.07, 
1.16) 
***  1.05 (1.00, 
1.10) 
ns 
         
*All data were derived from North Carolina Live Birth Certificate data for 2013. The study 
population included nulliparous women who were residents of NC and who delivered term 
infants (between 37 and 41 weeks) without congenital anomalies or needing a NICU 
admission whose delivery occurred at a hospital in NC. 
† Non-obese represents patients with a body mass index (BMI) less than 30 based on their 
prepregnancy weight. Obese represents patients with a BMI greater than or equal to 30. 
This classification is consistent with the World Health Organization classification of BMI.  
§ Adequate Plus care is defined as at least 80% of expected prenatal care visits based on 
the Kotelchuck Index of Prenatal Care. 
‡ Based on the mother's self-reported race and Hispanic origin.   
OR = odds ratio, CI = confidence interval. *p<0.1, **p<0.05, ***p<0.01, ns non-significant 
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Residuals from the base model were averaged at the county level and mapped in 
Figure 4. The map of residuals showed significant spatial autocorrelation (Moran’s I 
0.29, p<0.01) suggestive of clustering. Counties where the model overestimates the 
odds of breastfeeding initiation appear to be dispersed throughout the eastern, central 
and western regions of North Carolina. Counties were the model underestimates odds 
of breastfeeding initiation are distinctively clustered. This contiguous band of counties 
wherein the model underestimates the odds of breastfeeding occurs roughly at the 
interface between the piedmont and coastal plain regions of the state. This analysis 
suggests that this large area in North Carolina does not fit a model of breastfeeding 
initiation based on current literature. The appearance of a continuous area where the 
model poorly fits suggests either that important confounding variables are systematically 
missing or that the literature-supported predictors of breastfeeding in these areas do not 
adhere to the same trends. 
Figure 4: Mean county-level residuals from multivariate base model of the 
impact of delivering at a Baby Friendly certified facility on breastfeeding 
initiation. The residuals from the model suggest spatial clustering (Moran’s I 0.29, 
p<0.01). A cluster of counties wherein the model underestimates odds of 
breastfeeding initiation is present in eastern North Carolina. 
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The impact of a Baby Friendly hospital in a mother’s community on breastfeeding 
One third of births between 2011 and 2014 occurred to mothers who only listed 
their county as their residence (Table 1). The statewide distribution of these births is 
shown in Figure 5 alongside the Rural Center classifications of rurality. This map shows 
that counties in eastern and western North Carolina have higher percentages of county-
only residence than counties in central North Carolina. These differences roughly 
correspond to the county designation of rural, suburban and urban wherein all counties 
identified as urban have less than 20% of their births defined by county only. Only one 
county identified as a regional city and suburban county had over 80% of births defined 
by maternal county-residence only.   
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Figure 5: The proportion of births for whom maternal residence is defined by 
county out of all births to mothers who reside in that county at the North 
Carolina county level. Rural, suburban and urban county designations from the 
Rural Center based on 2014 Census Population Estimates are shown with hatch 
marks.  
 
 
To understand the impact of the presence of a Baby Friendly community on 
breastfeeding initiation, mothers for whom a city residence was available were analyzed 
separated from mothers for whom only a county of residence was available. The 
difference between the community presence of a Baby Friendly facility for these two 
subgroups is described in Table 3. The majority of the births in a city with a Baby 
Friendly facility occurred at a Baby Friendly facility and conversely, the majority of births 
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in a city without a Baby Friendly facility occurred at facilities that were not Baby Friendly 
certified. The same relationship was present for births at Baby Friendly facilities when 
considering the presence of a Baby Friendly facility within a county.  The presence of a 
Baby Friendly hospital in a mother’s community was not a significant moderator of the 
relationship between delivering at a Baby Friendly hospital and breastfeeding for either 
subgroup. However, in the multivariate model of mothers for whom residence was 
defined by county, the presence of a Baby Friendly facility in the county was associated 
with a statistically significant increased odds of initiating breastfeeding than mothers 
who lived in counties without a Baby Friendly facility even when controlling for whether 
the mother delivered at a Baby Friendly facility (OR 1.83, 95%CI 1.23-2.71). In fact, the 
effect of living in a county with a Baby Friendly facility was similar in magnitude to the 
effect of delivery at a Baby Friendly facility (OR 1.84, 95%CI 1.61-2.10). 
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Table 3: Subgroup analyses and effect of moderator with attention to presence of a 
Baby Friendly facility in mothers city or county of residence 
 
 
Delivered at 
Baby Friendly 
facility  
 
Effect of Moderator† 
  
 
Yes No  
      
 
n (%) n (%) 
p-
value 
  
OR (95% CI) 
p-
value 
C
o
u
n
ty
 O
n
ly
 
R
e
s
id
e
n
c
e
 
County 
has Baby 
Friendly 
facility 
2,458 
(89.3) 
295 
(10.7) 
*** 
 
A: Delivered 
at Baby 
Friendly 
Facility 
1.84 (1.61, 
2.10) 
*** 
County 
without 
Baby 
Friendly 
facility 
2,459 
(5.1) 
45,357 
(94.9) 
 
 
B: Resident 
county has 
baby friendly 
Facility 
1.83 (1.23, 
2.71) 
** 
 
 
   
 
A x B 0.63 (0.41, 
0.98) 
ns 
 
 
   
 
    
 
 
   
  
   
C
it
y
 R
e
s
id
e
n
c
e
 
City has 
Baby 
Friendly 
facility 
2,929 
(95.3) 
145 
(4.7) 
*** 
 
C: Delivered 
at Baby 
Friendly 
Facility 
1.80 (1.55, 
2.10) 
*** 
City 
without 
Baby 
Friendly 
facility 
2,497 
(3.0) 
81,610 
(97.0) 
 
 
D: Resident 
city has baby 
friendly 
Facility 
1.08 (0.58, 
2.01) 
ns 
     
 
C x D 0.74 (0.39, 
1.42) 
ns 
         
† Multivariate models included all confounders present in base model described in 
Table 2. There were no appreciable differences in magnitude of effect or statistical 
significant of cofounders in the subgroup models above (data not shown) 
*p<0.1, **p<0.05, ***p<0.01, ns=non-significant  
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Discussion 
This study describes the impact of breastfeeding initiation over time relative to 
Baby Friendly certification, which has not been well characterized in the medical 
literature. Breastfeeding initiation increased in three of the five Baby Friendly hospitals 
certified before 2014. The two hospitals who did not exhibit statistically significant 
changes were noted to have very high levels of breastfeeding initiation throughout the 
study period. Increases were also observed in two of the three hospitals who were 
certified after 2014. Future studies would benefit from identification of hospitals with 
similar characteristics (public versus private, patient volume) to understand whether the 
increase in breastfeeding initiation observed in this study is a state-wide phenomenon 
or specific to the Baby Friendly Hospital Initiative. The subjective decrease in monthly 
variation of breastfeeding initiation over time could represent more stable and consistent 
breastfeeding support as hospitals seek Baby-Friendly certification. Even if the 
proportion of births initiating breastfeeding remains low or stable, the decreased 
variability could be an unintended benefit of Baby Friendly certification as it could signal 
that a hospital is maximally impacting the modifiable determinants of breastfeeding at 
time of delivery and therefore additional support efforts should focus on other critical 
periods in the establishment of breastfeeding such as education and support in prenatal 
care. Future studies at the facility level would also benefit from subgroup analysis by 
race, as this study identified differential impacts of delivering at a Baby Friendly facility 
on breastfeeding initiation by race.  
The multivariable modeling of breastfeeding initiation in North Carolina 
demonstrated a significant and positive impact of delivering at a Baby Friendly hospital 
on breastfeeding when controlling for many of the variables known to impact 
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breastfeeding initiation. Cofounding variables exhibited trends consistent with the 
literature. One of the strengths of this model is that it contains both demographic and 
clinical variables at the individual level. However, an important limitation is that many of 
the modifiable factors that predict breastfeeding are missing from the birth certificate 
data such as maternal knowledge about breastfeeding, perceived support from family or 
partners and employment environment (whether the mother receives paid level). Some 
of these factors are likely correlated to the sociodemographic variables included in the 
model, such as receipt of Medicaid and utilization of WIC.  
This analysis is novel in its approach of mapping residuals to understand 
geospatial fit of the model. Because this is a novel approach, it must be considered 
exploratory rather than definitive. Nonetheless, this approach yielded unique insight into 
geographic areas where predictors of breastfeeding initiation from medical and public 
health literature do not fully explain the variation in breastfeeding practices. Future 
analyses should consider overlaying the proportion of births initiating breastfeeding at 
the county level with the mean residuals to understand whether extreme residuals co-
occur with counties at the extreme high or low breastfeeding initiation percentages. 
Additional geospatial analysis should also consider the variation in residuals at the 
county level. Given that this exploratory approach identified a geographic region where 
the model did not fit, additional research is indicated to understand what variables are 
most predictive to those regions. It is important to bear in mind that the areas where 
residuals suggest overestimation means that those counties actually have lower 
breastfeeding initiation than would be expected. It is possible that these counties could 
improve breastfeeding initiation with known modifiable factors. Conversely, the counties 
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where the model underestimated breastfeeding initiation are preforming better than 
predicted by the model. Studying these counties may identify strengths in community 
support of breastfeeding. Because breastfeeding practices represent important 
challenges in health equity, this analysis provides a positive reframing of the health 
disparities historically exhibited by this region of North Carolina.  
The consideration of maternal residence was also an innovation in the analysis of 
the effect of the Baby Friendly Hospital Initiative on breastfeeding initiation. Significant 
differences existed between mothers who listed a city as their residence and mothers 
who only listed a county. More research is needed into whether these subgroups 
exhibited differences by sociodemographic characteristics such as race and receipt of 
WIC. There are several possible reasons for only maternal county to be listed. Firstly, 
mothers may reside in an area that is not considered a city or place by the US Census 
Bureau and therefore not tracked by the Vital Statistics office. In this case, county-only 
residence would be a crude proxy of rurality as suggested in this study by the 
correlation between county rural status and the percent of births for whom only county 
of residence was available. It is also possible that mothers who have transient housing, 
migrant workers and mothers without definitive citizenship may purposefully only list 
county for concerns of being identified. This study showed that residing in a county with 
a Baby Friendly hospital positively impacted breastfeeding even when controlling for 
delivery at a Baby Friendly facility. This suggests that the presence of a Baby Friendly 
facility in a county positively impacts breastfeeding practices beyond the doors of that 
facility. However, this phenomenon was only observed in women with county-only 
residences and was not present when considering the presence of a Baby Friendly 
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facility in the mothers’ city of residence. It is possible that the effect at the county-level is 
mediated through the presence of a Baby Friendly facility on county-level support such 
as local WIC services.  
Conclusion 
The Baby Friendly Hospital Initiative has positively impacted breastfeeding 
practices in North Carolina at the facility, individual and community levels. This analysis 
uncovered significant geospatial clustering of model residuals which challenges 
breastfeeding researchers to be critical of the appropriateness of modeling 
breastfeeding practices across communities. As additional birth certificate data on 
breastfeeding initiation becomes available, North Carolina will be uniquely poised to 
refine our understanding of how the BFHI impacts breastfeeding practices over time and 
space.
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